Objective: The incorporation of bowel segments for urinary tract reconstruction may induce intestinal mucosal changes with the development of metabolic, nutritional, gastrointestinal and carcinogenic complications. The early histological and histochemical changes of the intestinal mucosa in contact with the feces-urine mixture, are evaluated in the present study. Materials and Methods: Twelve rats (operated group) were submitted to a vesico-colonic anastomosis, and 10 rats (control group) underwent a sham operation (the colon was opened and immediately sutured). On the operated group, the left colon was divided into 3 equal portions and the middle segment was used for the bladder-colonic anastomosis. After 20 weeks, the animals were sacrificed and the entire left colon in each group, as well as the bladder and the vesico-colonic anastomosis in the operated group, was removed. The proximal, middle (anastomotic site in the operated group and sutured portion in the control group) and distal colon were used for histological and histochemical studies. Results: Metaplasia, chronic inflammatory process and fibrosis were significantly greater at the anastomotic site compared to the middle segment of the control group. There were no differences in both groups in terms of dysplasia, atrophy and hypertrophy either on the proximal, middle or anastomotic area and distal portion of the left colon. All animals in the operated group showed a reduced presence of sulfomucin and an increase in the sialomucin content.
INTRODUCTION
The incorporation of bowel segments for urinary tract reconstruction induces intestinal mucosal changes with the development of metabolic, nutritional, gastrointestinal and carcinogenic complications.
The association of urinary-colonic diversions, specially the ureterosigmoidostomy, and the higher incidence of colonic adenocarcinoma are well established and may be multifatorial (1) .
There are several theories to explain the carcinogenesis of colon tumors following ureterosigmoisdostomy. Some of these theories include the formation of nitrosamines by bacterially reduced urinary nitrate and endogenous amines in feces and urine mixture (2-4), chronic urothelial irritation by feces, epithelial instability at the anastomotic site (1) , the presence of fresh colonic suture (1) and irritative changes of the colonic epithelium caused by the presence of feces-urine mixture (4) (5) (6) .
A risk factor for neoplasms around the urinary-colonic anastomosis may be alterations of mucous glycoproteins in the surrounding colonic mucosa of the anastomosis. Studying these alterations would be of great value to find a marker of premalignant change in patients at risk of developing these colonic tumors (7) .
The aim of this study is to assess the early histological and histochemical changes of the intestinal mucosa in contact with the feces-urine mixture.
MATERIALS AND METHODS
Two groups of adult female Wistar rats (Botucatu, Brazil) weighing 190 to 280g were used. All rats were fed with water ad libitum and standard rat chow.
All rats were anesthetized, after a 12-hour fast, by intraperitoneal injection of pentobarbital sodium (4 mg / 100g of body weight).
Ten rats in the first group (control group) underwent a sham operation (the middle part of the left colon was opened and immediately closed by a running 6-0 polyglycolic suture) (Figure-1) .
In the second group (operated group), a vesico-colonic anastomosis was created in 12 rats, according to the ureterosigmoidostomy model already described in the literature (3, 8) . The left colon was divided into three equal portions of 1.8 cm ( Figure-1 ) above the rectal peritoneal reflection. On the operated group, the middle portion was used for the bladder-colon anastomosis. First, the bladder neck was closed with 4-0 silk suture, the dome of the bladder was opened and a vesico-colonic fistula was created by a running 6-0 polyglycolic suture (Figure-1) .
Antibiotic therapy (cefalexin 1-3 mg / 100 g / day) was added to the drinking water and administered in the experiment.
After 20 weeks all animals were sacrificed and inspected grossly for colonic or bladder lesions. At this time, the body weight of the animals was not different. The entire left colon of the animals in both groups as well as the bladder-colon anastomosis in the operated group were removed in bloc for histological and histochemical studies.
For histological studies, the biopsy specimens were fixed in 10% formalin solution and imbedded in paraffin. Five micrometers thick sections were stained with hematoxylin-eosin for evaluation of the morphology of the epithelial cells and the lamina propria. The epithelial cell sections were examined for the presence of dysplasia and metaplasia. In the lamina propria the amount of fibrosis, and either acute or chronic inflammatory process, were registered. The muscularis propria was examined for atrophy and hypertrophy.
The histochemical studies performed were periodic acid-Schiff (PAS) and alcian blue (AB) stains for the evaluation of neutral mucin and the overall acid mucin content, respectively. The high iron-diamine alcian blue -pH 2.5 -(HIDAB) (7, 9) was used to differentiate acid sulfomucins from sialomucins.
The variables were divided into six grades: moderately and mildly reduced or increase (for histochemical studies); and normal, mild, moderate or severe changes (histopathological analysis).
Two pathologists reviewed all slides. Results obtained were evaluated and the statistical differences were analyzed by the non-parametric Mann-Whitney test.
RESULTS
There was no statistical difference on dysplasia in tissue sections between the two groups ( Table-1 ). The metaplasia changes were significantly greater at the anastomosis site compared to the middle segment sutured on the control group (p < 0.05) ( Table-1) .
Although the acute inflammatory process on the lamina propria had been greater in all the three intestinal segments of the animals in the operated group, no statistical differences were noted. The same results were seen with the chronic inflammatory process on the proximal and distal portions of the operated group. However, this process was significantly greater on the anastomotic area as compared to the middle segment of the control group (p < 0.05) (Table-1) (Figure-2 ).
An interesting finding was the presence of mild fibrosis on the proximal and distal segments of the left colon in the operated group. An increased amount of fibrosis was registered at the anastomotic site when compared with the sham group (p < 0.05) ( Table-1 ). The muscle layers were normal in the operated group.
A significant reduction in the amount of acid and neutral mucins was noted at the anastomotic site of the operated group (p < 0.001). In contrast, only a mild amount of acid and neutral mucins was present in the proximal and distal segments of the left colon (Table- 2) (Figure-3) .
Figure 2 -Histologic section of the anastomotic site taken from an animal showing marked chronic inflammatory process on the lamina propria, arrows (HE, X100).

Figure 3 -Histologic section of biopsy taken from the anastomotic site showing marked reduction of acid mucins in the goblet cells (A), (AB, X40), and an increase of sialomucins and a mild reduction of sulfomucins (B), (HIDAB, X100).
All animals in the operated group presented a decrease in the amount of sulfomucin and an increase in the sialomucin content in the left colon. However, this change in secretion of sulfomucin and sialomucin, was significant only at the anastomotic site (p < 0.05) ( Table- 2) (Figure-3 ).
COMMENTS
The mucosa of the intestinal segments used in the reconstruction of the urinary tract undergoes structural changes along time. The most important is the appearance of neoplasia, the incidence of colon cancer in the area of the anastomosis is 100 to 500 times higher than in the general population (10) (11) (12) . In humans, the latency period of the onset of tumors ranges from five to forty-five years, average twenty years (7) .
Several theories have been proposed to explain the genesis of the tumors after ureterosigmoidostomy, but the presence of the mixture of urine and feces, the role of bacteria in production of N-nitrosamines, and changes in mucous secretion into the intestines, deserve special attention (7, 13, 14) .
Under experimental conditions, the therapy with ascorbic acid has reduced the production of dimethyl-nitrosamines with no apparent reduction in the incidence of tumors (8) .
The surge of cancer at the level of the ureterosigmoidostomy anastomosis is prevented by a colostomy proximal to the anastomotic site, which may suggest the existence of fecal carcinogens eventually activated by the urine or by the urothelial epithelium (3) .
Previous studies have shown that the intestinal mucosa in contact with the urine undergoes changes beginning three years after surgery (10, 12) . It is known that the rat lifespan ratio to human is estimated to be 1:30 (15) .
The presence of dysplasia is expected after vesico-colonic anastomosis in rats (2, 16) . In our investigation the presence of dysplasia was not significantly different from the controls, which could possibly be attributed to the timing of the experiment. However, metaplasia was found in the animals of the operated group. Other experimental reports confirm this finding and have suggested the presence of an unstable, artificially produced borderline tissue between transitional cell epithelium and mucosal irritation (17, 18) . Also chronic inflammation in 15 children submitted to colon-ureterostomies has been reported and established as a precursor of malignancy (5) . The same changes were found in the lamina propria, in the present study.
The overall presence of fibrosis was significantly greater at the anastomotic site of the operated group. This finding was also observed in ileo-colonic segments in rats, which perhaps reflects a chronic tissue repair due to aggression (12) .
Mucins are high-molecular weight glycoproteins secreted and produced by the goblet cells of the gastrointestinal tract and have a protective effect on the gut. They may be categorized histochemically as neutral or acid and, according to their content of sialic acid or sulphate, the acid mucins are subdivided into sialomucins and sulphomucins.
The decrease in the content of acid and neutral mucins at the anastomotic area with AB and PAS staining was also observed elsewhere (19) (20) (21) .
The histochemical changes of the content of the goblet cell mucin with the HIDAB staining demonstrated a shift on the standard distribution, that is, an increase on sialomucins and a great decrease of the sulfomucins at the anastomotic area forming the so-called "transitional mucosa". Some investigators suggested that the presence of sialomucins may be primary or a precancerous phenomenon and not secondary to the tumor (7, (22) (23) (24) (25) .
Although other reports claim that this shift on the sialic mucin content could represent only an unstable colon epithelium exposed to additional aggression, there is enough evidence that greater increases in sialomucin are related to higher risk of developing colon cancer (7, (26) (27) (28) (29) .
Intensive research is required for a better understanding of this subject.
CONCLUSION
The histological and histochemical changes observed in this study may suggest a precancerous phenomenon.
All urinary diversions that include bowel need regular evaluation, and, whenever possible, biopsies must be taken from the surrounding mucosa of the anastomosis for histological and histochemical analysis, looking for premalignant changes.
